We assessed the changes in meteorological drought severity and drought return periods during cropping seasons in Afghanistan for the period of 1901 to 2010. The droughts in the country were analyzed using the standardized precipitation evapotranspiration index (SPEI). Global Precipitation Climatology Center rainfall and Climate Research Unit temperature data both at 0.5 • resolutions were used for this purpose. Seasonal drought return periods were estimated using the values of the SPEI fitted with the best distribution function. Trends in climatic variables and SPEI were assessed using modified Mann-Kendal trend test, which has the ability to remove the influence of long-term persistence on trend significance. The study revealed increases in drought severity and frequency in Afghanistan over the study period. Temperature, which increased up to 0.14 • C/decade, was the major factor influencing the decreasing trend in the SPEI values in the northwest and southwest of the country during rice-and corn-growing seasons, whereas increasing temperature and decreasing rainfall were the cause of a decrease in SPEI during wheat-growing season. We concluded that temperature plays a more significant role in decreasing the SPEI values and, therefore, more severe droughts in the future are expected due to global warming.
Introduction
The changes in global energy balance due to warming have changed the patterns of the atmospheric variables [1] [2] [3] . The global temperature increases, in particular, have influenced the occurrence of displacements, and violent conflicts [30] . Droughts may also increase the tension between Afghanistan and neighboring countries as the various countries would try to claim a greater share of the region's total available water [31] . For Afghanistan, where a significant part of the population is engaged in agriculture, assessment of the impacts of climate change on drought characteristics is paramount for sustainable agricultural practices. This is especially crucial for the different crop growing seasons due to the changing patterns of the climate, which, for example, drastically prematurely reduce winter snowpack from its usual conditions, affecting wheat production yields in the northern, northeastern, and western regions of the country from 2007 to 2008 [30] .
In the present study, the changing drought characteristics during different cropping seasons (rice, corn, and wheat) in Afghanistan during 1901-2010 were assessed. We assessed the droughts' characteristics using the SPEI [32] , which considers temperature and precipitation climatic variables. Gridded precipitation and temperature datasets from the Global Precipitation Climatology Centre (GPCC) [33] and Climatic Research Unit (CRU) [34] , respectively, were used for drought assessment during 1901-2010 using a 50-year sliding window with a 10-year interval. The modified Mann-Kendall (MMK) trend test was used to perform model analysis on the secular climatic variables' trends and the drought index.
Study Area and Data

Description of the Study Area
Afghanistan (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) • N; 60-75 • E) is a landlocked country, sharing a long border with Pakistan in the south; Iran in the west; Turkmenistan, Uzbekistan, and Tajikistan in the north; and a thin stretch mountainous land with China in the northeast (Figure 1 ). The Hindu Kush Mountains from the northeastern border to west across the country divide the topography of the country into geographic regions: central highland, the southwestern plateau, and the northern plains. Afghanistan is largely dependent on agricultural production. Agricultural crops depend on specific climate conditions, and changes to the climate can have crucial negative impacts on the ways in which crops are cultivated in rain-fed areas. Almost 67-85% of the Afghan population are engaged in farming [36] . Crops are cultivated during the summer and winter season. The summer cropping season starts in May and finishes in November. The main crops grown during summer are rice and corn. The main cultivated crops in winter (October to June) are wheat and barley. Wheat, rice, and corn, analyzed in this study, are the most important food crops for the population. The area cultivated for wheat is 2,575,000 ha or 79% of the total cultivated land; 200,000 ha rice, or 6.2%; and 140,000 ha corn, or 4.3% of the cultivated land in Afghanistan. Afghanistan's climate varies greatly between topographic regions [35] . The climate varies considerably between arid and semiarid with hot summers and cold winters. Mean annual precipitation for the country is shown in Figure 2a , which indicates a gradual decrease in rainfall from the northeast along the Hindokush Mountains toward the southwestern plateau zone. The lowest mean annual Afghanistan is largely dependent on agricultural production. Agricultural crops depend on specific climate conditions, and changes to the climate can have crucial negative impacts on the ways in which crops are cultivated in rain-fed areas. Almost 67-85% of the Afghan population are engaged in farming [36] . Crops are cultivated during the summer and winter season. The summer cropping season starts in May and finishes in November. The main crops grown during summer are rice and corn. The main cultivated crops in winter (October to June) are wheat and barley. Wheat, rice, and corn, analyzed in this study, are the most important food crops for the population. The area cultivated for wheat is 2,575,000 ha or 79% of the total cultivated land; 200,000 ha rice, or 6.2%; and 140,000 ha corn, or 4.3% of the cultivated land in Afghanistan. The cropping season calendars of the most important crops cultivated in the country, wheat, corn, and rice, are presented in Figure 3 . Wheat is cultivated in winter, whereas rice and corn are cultivated in summer. Irrigated wheat sowing usually begins late October and finishes in early December. Rain-fed cropping season starts in winter when enough soil moisture content has been acquired from rainfall. Due to cold winters, winter season crop harvesting starts in late May and ends early July. Summer season starts in April and continues until the end of winter season in early July. In Afghanistan, wheat is cultivated in every part of the country, whereas rice and corn are Afghanistan is largely dependent on agricultural production. Agricultural crops depend on specific climate conditions, and changes to the climate can have crucial negative impacts on the ways in which crops are cultivated in rain-fed areas. Almost 67-85% of the Afghan population are engaged in farming [36] . Crops are cultivated during the summer and winter season. The summer cropping season starts in May and finishes in November. The main crops grown during summer are rice and corn. The main cultivated crops in winter (October to June) are wheat and barley. Wheat, rice, and corn, analyzed in this study, are the most important food crops for the population. The area cultivated for wheat is 2,575,000 ha or 79% of the total cultivated land; 200,000 ha rice, or 6.2%; and 140,000 ha corn, or 4.3% of the cultivated land in Afghanistan.
The cropping season calendars of the most important crops cultivated in the country, wheat, corn, and rice, are presented in Figure 3 . Wheat is cultivated in winter, whereas rice and corn are cultivated in summer. Irrigated wheat sowing usually begins late October and finishes in early December. Rain-fed cropping season starts in winter when enough soil moisture content has been acquired from rainfall. Due to cold winters, winter season crop harvesting starts in late May and ends early July. Summer season starts in April and continues until the end of winter season in early July. In Afghanistan, wheat is cultivated in every part of the country, whereas rice and corn are cultivated in the northern part of the country. Due to adequate surface water in the north of Afghanistan, it is used as the main source of irrigation for summer crops. 
Datasets
One main challenge in hydro-climatological studies around the world is inadequate or lacking long-term records and reliable climatic data [26] . Prolonged conflicts that have resulted in 
One main challenge in hydro-climatological studies around the world is inadequate or lacking long-term records and reliable climatic data [26] . Prolonged conflicts that have resulted in inadequate data availability in Afghanistan have hindered climatic research in the country [37] . In areas like Afghanistan where long-tern climate data are lacking, gridded climate data are used for climatic studies [38] . Amongst gridded data, such as satellite based gridded data, the in-situ-based gridded data, reanalysis, and combined gridded data, in-situ-based gridded data have been recommended because of better spatial and temporal availability [39] .
Gridded monthly precipitation data of the GPCC and the monthly average temperature data of the CRU, both at a spatial resolutions of 0.5 • by 0.5 • (281 grid points over Afghanistan) for the period 1901-2010, were used in this study. Data spanning the period 1901-2010 were chosen due to the use of a 50-year sliding window with a 10-year interval, which enabled uniform division and consistency within the considered period. GPCC monthly data were developed from various data sources, including national weather services and hydrological institutes with data collections from over 8500 rain gauge stations in 190 countries around the world [40] . GPCC gridded data have many advantages: (1) good dataset quality; (2) it is a dataset of a climate model, interpolated with the highest number of observed data; and (3) it has a large enough time span for hydro-climatic investigations [41] . The CRU dataset was derived from gauge measurements of 4000 weather stations from around the globe [26] . The CRU monthly temperature dataset is updated and controlled by manual and semi-automatic quality control means [34] .
Methodology
The procedure adopted to estimate the changes in droughts and assess the influence of climatic factors on the trends in droughts during Afghanistan's major crop growing seasons is outlined below:
1.
The potential evapotranspiration (PET) was estimated using the Thornthwaite method at each CRU grid point. CRU's monthly average mean temperature was used for this purpose.
2.
The SPEI was calculated using GPCC rainfall and the ET estimated in Step 1 at every GPCC/CRU grid point in Afghanistan (281 grid points) during 1901-2010 using a moving 50-year window and a 10-year interval.
3.
Trends in temperature, precipitation, and SPEI were assessed for cropping seasons for different 50-year periods using the MMK test.
4.
The return periods (RPs) of the different drought intensities (moderate, severe, and extreme) for cropping seasons for different 50-year periods were calculated through fitting the SPEI values with an appropriate probability distribution function (PDF).
5.
The results obtained for the different crops growing seasons during 1901-2010 were analyzed to understand the impacts of climate change on droughts.
The methods employed in the current study are detailed in subsequent sections.
Standardized Precipitation Evapotranspiration Index for Estimating Seasonal Droughts
PET was estimated using different methods based on temperature, radiation, and mass transfer [42] . According to Stagge et al. [43] , estimated SPEI does not vary significantly with the PET method used. However, Begueria et al. [44] reported significant variations in SPEI calculated using different PET methods in arid and semi-arid regions. Begueria et al. [44] proposed Penman-Monteith as the best option for the estimation of PET for calculation of SPEI followed by Hargreaves and the Thornthwaite methods. However, the Penman-Monteith method requires sunshine, humidity, and wind speed data along with temperature data, which are all spatially and temporally inadequate in Afghanistan. The Thornthwaite method only requires the mean daily temperature and latitudes of the study area. This makes Thornthwaite a suitable method for calculation of PET in data-scarce regions such as Afghanistan. Therefore, the Thornthwaite method was used in this study to calculate PET:
where N m is a correction factor estimated according to latitude of the location and the month of the year; T m is the monthly average of daily mean temperature ( • C); I is a heat index, which was estimated for the whole year; and a is a coefficient estimated from I. For calculation of SPEI, precipitation and PET data were used for the preparation of the time series of water deficit or surplus (D) as precipitation minus potential evapotranspiration (P-PET) P-PET at each GPCC/CRU grid point. The D values were then fit with the best PDF. The D can have negative values and, therefore, three-parameter distributions are needed to calculate the SPEI. The log-logistic distribution was found to fit the D values best for all the cropping seasons. Therefore, the probability distribution function of D was estimated using a log-logistic distribution:
where α, β, and γ are scale, shape, and origin parameters, respectively. The SPEI is obtained as the standardized values of F(D). Drought is classified according to SPEI values: −1.0 to −1.5 is moderate drought, −1.5 to −2.0 is severe drought, and below −2.0 is extreme drought.
For the determination of a season's drought, we used the value of the SPEI of the last month of that season calculated for the duration of the season. Because more water is required during sowing and mid-season compared to harvesting, droughts only during those periods were considered. The sowing and vegetative period for wheat, for example, is 7 months; hence, a 7-month SPEI value computed at the end of April was used for analysis of wheat droughts (Table 1) . Similarly, 4-month SPEI values estimated in September and 5-month SPEI values estimated in August were used for droughts analysis during rice and corn growing seasons, respectively as given in Table 1 .
The estimated SPEI values were employed to calculate drought return periods (RPs) during cropping seasons. The following steps were used for the calculation of drought RPs.
1.
The time series of droughts were generated for each cropping seasons considering SPEI < −1 as drought.
2.
The years without droughts were assigned a value of zero. 3.
The drought frequency analysis was conducted on the non-zero values. 4.
We performed a correction using non-exceedance probability (F') to account for the number of zero values [45] :
where F is the drought occurrence probability with consideration of non-drought years and q is the ratio of the number of non-drought years to the total study period [46] . 
5.
The drought RP with particular severity was calculated as:
In the present study, the drought events were fitted with different distributions. The Gamma distribution was found to best fit the drought events for all seasons and was therefore selected for drought frequency analysis.
Sen's Slope Estimator
Sen's slope (Q) estimates overall slope of a time series (y) as the median of slope between all the successive sampling points [47] . Mathematically, it is represented as:
where ∆y is the change in recorded values due to change time ∆t between two successive data points in the time series.
MMK Test
Trends in climate variables are usually assessed for the quantification of the changes in climate variables. The non-parametric Mann-Kendall (MK) test [48, 49] , suggested by the World Meteorological Organization [50] , is generally used for the evaluation of the trends in atmospheric variables. The MK test is independent of data distribution and less sensitive to missing values and is thus most commonly used for assessment of trends in different climate variables. However, the major drawback of the MK test is that it is sensitive to auto-correlated data [51, 52] . Several revisions of the MK test have been completed to make it insensitive to autocorrelation [53] [54] [55] . Recent studies also revealed that long-term persistence (LTP), or a slow decay of the autocorrelation function that causes a longstanding cycle in data series, also affects the significance of the trend [56] . The LTP in climatic time series occurs due to the influence of slow climatic processes that change over time. The LTP is a part of climate; therefore, it is required to separate the natural fluctuations from an external trend to estimate the trend due to global-warming-induced climate change [1, [57] [58] [59] [60] [61] . The recent modification of the MK test (MMK) by Hamed [62] can be used for this purpose. The MK test statistic (S) of a data series y having n data points is estimated as [48] :
where:
The variance of S [Var(S)] is estimated using Z statistics to decide trend significance:
If Z is significant, the MMK test de-trends the time series [62] , ranks the series (R i ), and then calculates its equivalent normal variants (Z i ) as: 
where φ −1 represents the inverse form of normal distribution. The Hurst coefficient (H) of the series is then derived through the maximum log likelihood function to estimate the autocorrelation function for lag l on any scale using the following equation [63] :
The significance of H is decided by the use of the first and second moments for H = 0.5. For significant H values, the variance of S is estimated as:
where Var(S) H is the biased estimate of the variance of S, which can be removed using a correction factor (B):
where B is a function of H, as below:
where the coefficients, a 0 , a 1 , a 2 , a 3 , and a 4 are the functions of the sample size n, which can be found in Hamed [62] . The significance of the MMK test is determined using Var(S) H instead of Var(S) in Equation (8). At a 95% confidence level, the null hypothesis of no trend is rejected if |Z| > 1.96. In the present study, the 95% confidence level was considered for the assessment of the significance of a trend.
Application Results and Analysis
Meteorological Droughts During Wheat-Growing Season
The geographical distribution of the trends in precipitation, temperature, and SPEI during sowing and vegetative (mid-season) of wheat are presented in Figure 4a -c, respectively, for recent years. The magnitude of the change estimated by the use of Sen's slope at each point is presented with a resolution of 0.5 • × 0.5 • (original GPCC/CRU data resolution) in the maps presented in Figure 4 . The significant decrease or increase in trends at the 95% confidence interval (CI) calculated by the MMK test at each of the GPCC/CRU points are shown using the symbols '+' or '−', respectively. Figure 4a shows precipitation decreased significantly in the southwest and increased in some grids in the northeast of Afghanistan. However, increases in temperature occurred almost for the whole country, except for the southeast (Figure 4b ). Increases in temperature were higher in the west-up to 0.14 • C/decade (Figure 4c ). The counts of the grid points where precipitation, temperature, and SPEI changed significantly considering a 50-year sliding window and a 10-year interval during 1901-2010 for the wheat cropping season are presented in Figure 5a -c, respectively. SPEI was found to be sensitive to rainfall and temperature. Decreases in SPEI were observed at up to 45 grid points (16% area) during the period temperatures were increasing at about 40 grid points (14% area) and when rainfall was decreasing at 70 grid points (25% area) until 1931. The estimated RPs of wheat drought at the different grids of Afghanistan are depicted using box plots in Figure 6a -c for three different drought severities. A longer box size or a longer whisker in the plot is an indication of a wide range of return periods of droughts. Shorter boxes or shorter whiskers indicate the proximity of the RPs of droughts to the median value. The RPs of moderate, severe, and extreme wheat droughts ranges between 5.7 and 6.8, 40 grid points (14% area) and when rainfall was decreasing at 70 grid points (25% area) until 1931. The estimated RPs of wheat drought at the different grids of Afghanistan are depicted using box plots in Figures 6a, 6b, and 6c for three different drought severities. A longer box size or a longer whisker in the plot is an indication of a wide range of return periods of droughts. Shorter boxes or shorter whiskers indicate the proximity of the RPs of droughts to the median value. The RPs of moderate, severe, and extreme wheat droughts ranges between 5.7 and 6.8, 12.2 and 16.0, and 20.0 and 38.0 years, respectively. The median RPs were found within 6.2-6.4 for moderate, 12.7-13 for severe, and 24-25 for extreme drought classes. 
Meteorological Droughts in Rice-Growing Season
The geographical distributions of the changes in precipitation, temperature, and SPEI during the rice growing season are presented in Figures 7a, 7b , and 7c respectively. Figure 7a shows a significant decrease in precipitation in the southwest and northwest and a significant increase at some grid points in the northeast and southeast. Temperature increased significantly at almost all grid points at the northwest and southwest of the country (Figure 7b ). Significant decreases in temperature were observed in the southeast of the country, which caused decreases in the SPEI in the region (Figure 7c) .
The grid point numbers with significant rainfall, temperature, and SPEI changes for a 50-year sliding window and a 10-year interval during 1901-2010 for the rice cropping season are outlined in Figures 8a, 8b , and 8c, respectively. After an increase in the grid point numbers where rainfall was decreasing until 1921, there was a continuous decrease in the grid point numbers where it was decreasing after 1921. The count of grid points where precipitation was increasing sharply increased after mid-century. The drought return periods for rice are presented in Figures 9a, 9b , and 9c for the three different drought severities. The moderate, severe, and extreme drought RPs for this crop were found to be 5.9-7.1, 12.5-15.2, and 20.0-37.0 years, respectively. The median RP values for different categories of droughts are found within 6.2-6.5 for moderate, 13.0-13.5 for severe, and 22.0-23.5 for extreme drought classes. 
The geographical distributions of the changes in precipitation, temperature, and SPEI during the rice growing season are presented in Figure 7a -c respectively. Figure 7a shows a significant decrease in precipitation in the southwest and northwest and a significant increase at some grid points in the northeast and southeast. Temperature increased significantly at almost all grid points at the northwest and southwest of the country (Figure 7b ). Significant decreases in temperature were observed in the southeast of the country, which caused decreases in the SPEI in the region (Figure 7c) .
The grid point numbers with significant rainfall, temperature, and SPEI changes for a 50-year sliding window and a 10-year interval during 1901-2010 for the rice cropping season are outlined in Figure 8a -c, respectively. After an increase in the grid point numbers where rainfall was decreasing until 1921, there was a continuous decrease in the grid point numbers where it was decreasing after 1921. The count of grid points where precipitation was increasing sharply increased after mid-century. The drought return periods for rice are presented in Figure 9a 
Meteorological Droughts During Corn-Growing Season
The geographical distributions of the changes in precipitation, temperature, and SPEI during the corn-growing season are presented in Figures 10a, 10b, and 10c , respectively. Figure 10a shows rainfall decreased significantly at a few locations in the southwest and northwest, while significant increases occurred in the northeast and southeast of the country. Temperature increased significantly at almost all grid points in the northwest and southwest of the country (Figure 10b ). Significant decreases in temperature were observed in the southeast and part of the northeast of the country. Significant increases in temperature in the northwest and southwest of the country resulted in a decrease in the SPEI in these areas (Figure 10c ). The number of grids that showed significant rainfall, temperature, and SPEI changes for a 50-year sliding window and a 10-year interval during 1901-2010 for the corn cropping season are presented in Figures 11a, 11b, and 11c , respectively. The figures show an increase in the number of grids where rainfall is increasing significantly after mid-century. The number of grids where rainfall decreased significantly also gradually increased from 1941. Drought return periods for corn are presented in Figure 12 for the three drought severities. The moderate, severe, and extreme drought return periods for this crop were 5.8-6.6, 12.0-14.0, and 19.0-27.0 years, respectively. The RP median values for the different categories of droughts were 6.2-6.3 for moderate, 12.5-13.0 for severe, and 21.0-22.0 for extreme droughts. 
The geographical distributions of the changes in precipitation, temperature, and SPEI during the corn-growing season are presented in Figure 10a -c, respectively. Figure 10a shows rainfall decreased significantly at a few locations in the southwest and northwest, while significant increases occurred in the northeast and southeast of the country. Temperature increased significantly at almost all grid points in the northwest and southwest of the country (Figure 10b ). Significant decreases in temperature were observed in the southeast and part of the northeast of the country. Significant increases in temperature in the northwest and southwest of the country resulted in a decrease in the SPEI in these areas (Figure 10c ). The number of grids that showed significant rainfall, temperature, and SPEI changes for a 50-year sliding window and a 10-year interval during 1901-2010 for the corn cropping season are presented in Figure 11a -c, respectively. The figures show an increase in the number of grids where rainfall is increasing significantly after mid-century. The number of grids where rainfall decreased significantly also gradually increased from 1941. Drought return periods for corn are presented in Figure 12 for the three drought severities. The moderate, severe, and extreme drought return periods for this crop were 5. 
Discussion
The changing drought characteristics during wheat-, rice-, and corn-growing periods at 281 grid points in Afghanistan during 1901-2010 using gauge-based climatic data were assessed in this study. The fitting of the SPEI values with the best PDF was used in the estimation of drought RP. The secular climate and drought index changes were assessed using the MMK test. For understanding the influences of the climatic variables on droughts, drought temporal variations and their 
The changing drought characteristics during wheat-, rice-, and corn-growing periods at 281 grid points in Afghanistan during 1901-2010 using gauge-based climatic data were assessed in this study. The fitting of the SPEI values with the best PDF was used in the estimation of drought RP. The secular climate and drought index changes were assessed using the MMK test. For understanding the influences of the climatic variables on droughts, drought temporal variations and their relationships with temperature and precipitation changes were evaluated using a 50-year sliding window with 10-year intervals.
The geographical assessment of the spatial patterns of droughts for the different growing seasons showed that decreases in rainfall and increases in temperature during the wheat-growing season resulted in a decrease in the SPEI in the southwest, whereas an increase in rainfall and relatively lower rate of increase in temperature caused SPEI to rise at a few locations in the northeast. This indicates that the combined effect of rainfall and temperature played an important role in decreasing the SPEI in the southwest of Afghanistan during wheat-growing season. For rice-growing season, increases in temperature in the northwest and southwest of the country caused a decrease in the SPEI in the regions. This shows that temperature played a significant role in decreasing the SPEI in the area during rice-cropping season. In the northeast and the southeast where few grid points showed increases in precipitation and decreases in temperature, the SPEI was observed to decrease during the rice cropping season. In the corn-growing season, the significant increase in temperature in the northwest and southwest of the country resulted in a decrease in the SPEI in these areas. This is an indication that temperature was crucial to decreasing the SPEI in these areas during the corn cropping season. In the northeast and southeast parts where precipitation increased at some grids, there were no significant changes in SPEI, except for a significant increase at one grid point.
The count of grid points where rainfall, temperature, and SPEI changed for the different crops showed that during the wheat-growing season, increases were not observed in the SPEI for the study period except at the beginning of the century. A sharp increase from 1941 was observed for temperature. In recent years (1961-2010), precipitation was found to be gradually increasing with the increase in temperature in many parts of Afghanistan. This has resulted in a decreasing trend in the SPEI. Rice-growing season showed that temperature continuously increased at about 170 grid points (60% of the total grid points) until the end of the century. Continuous increases in temperature resulted in continuous decreases in the SPEI at many grid points (150 grids, about 53%) during the rice cropping season. During corn-growing season, temperature increased continuously from 1921 until the end of the study period at about 170 grid points (60% of the total study area), while there were no observable decreases in temperature at any grid point during most of the study period. The SPEI decreased continuously at 140 grid points (50% of the study area) due to continuous increases in temperature.
The return periods during different crop growing seasons showed that the box plots generally contracted over time for all categories of wheat drought. This was observed both for the median and the whiskers of the box plots. Though fluctuations were observed in the RPs during the first 50 years of the century during the rice-growing season, the return periods generally decreased for all drought classes, especially for the severe and the extreme droughts after that. Similar to rice, the corn-growing season showed some fluctuations in the drought RPs, but a generally decreasing trend was observed in the RPs of all classes of drought. The return periods for all the crops suggested that droughts occurred more frequently in areas where they were not frequent before.
Although the impacts of climate change on droughts have been widely assessed in many parts of the globe, including in Afghanistan and surrounding regions, no assessments of droughts have been conducted during the cropping seasons. In Pakistan, Ahmed et al. [26] assessed the impacts of climate variability and change on seasonal drought characteristics during two cropping seasons: Rabi and Kharif. The study showed increased drought severity during both cropping seasons, mostly in the arid and semi-arid regions of the country. Increasing droughts were mostly influenced by increasing temperature, whereas decreases in droughts were influenced by rainfall. Ta et al. [27] used SPEI, the Mann-Kendal trend test, and empirical orthogonal function analysis, and showed that drought frequency was over 42.87% in the entire Central Asia region, with Uzbekistan and Turkmenistan as the driest countries in the region. The results corroborate the findings from this study of high dryness over Afghanistan, like the neighboring countries in Central Asia.
Conclusions
In this study, we assessed the changes in meteorological droughts during crop growing seasons in Afghanistan. A comparison of the changing characteristics of droughts for different crop growing seasons suggested that the southern parts of the country have been strongly affected by climatic changes during wheat cropping season. The northwest and the southwest of the country were more affected by droughts due to alternations in rainfall and temperature. Afghanistan, like many other semi-arid and arid regions, is prone to the impacts of a variable climate as water is a scarce resource in such regions due to the amounts of rainfall received annually and excessive evaporation due to high temperatures. Sustainable agricultural practices are crucial for Afghanistan, where many of the populace are engaged in farming as a source of livelihood. Understanding the influences of the modification of key climate variables, like precipitation and temperature, on the changing characteristics of drought is crucial to planning reliable adaptation and mitigation drought measures under a changing climate. This is especially important during crop growing seasons because droughts can be devastating when they coincide with the crop growing season. To this effect, we revealed the changing characteristics of droughts during the wheat, rice, and corn cropping seasons under a changing climate. It is anticipated that the methods applied here can be used elsewhere and be applied in the development of adaptation and mitigation measures under a changing climate. 
